Abstract Holothuria arenicola is the most important and abundant sea cucumber species in the Mediterranean Sea on the Egyptian coast. This work aimed to investigate the prophylactic and the curative effects of H. arenicola extract HaE (200 mg/kg) on gastric mucosal damage following indomethacin and cold stress in healthy rats. Sixty-four rats were randomly divided into four main groups. Rats of the first group (8 rats/group) were administered distilled water orally (control group), rats of the second group (8 rats/group) were administered single oral dose of indomethacin (150 mg/kg) and exposed to cold stress (4 ± 1°C) for 30 min to induce gastric ulcer (GU) model (ulcer group), rats of the third group, prophylactic group (24 rats/group) were treated with HaE and/or ranitidine (RAN) and then exposed to GU and rats of the fourth group, curative group (24 rats/group) were exposed firstly to GU and then treated with HaE and/or RAN. The results clearly indicate that pre-treatment with HaE and/or ranitidine significantly decreases the ulcer index, showing 72.50%, 53.11% and 80.56% ulceration inhibition, respectively. However, posttreatment with HaE and/or ranitidine significantly decreases the ulcer index, showing 51.66%, 62.41% and 67.78% ulceration inhibition, respectively. The results also showed that pre and post-treatment with HaE and/or RAN significantly decreased gastric malondialdehyde (MDA) level and enhanced reduced glutathione (GSH), catalase (CAT), glutathione-S-transferase (GST) and superoxide dismutase (SOD) levels. The results clearly indicate that pre-treatment with HaE is preferable. 
Introduction
Gastric ulcer disease (GUD) is a common problem of the gastro-intestinal tract with increasing incidence and prevalence attributed to loss of balance between aggressive and protective factors. Gastric ulcer develops because of several endogenous aggressive factors, including hydrochloric acid, pepsin, refluxed bile, leukotrienes and reactive oxygen species (ROS), and several exogenous factors including non-steroidal anti-inflammatory drugs (NSAIDs), stress, alcohol and Helicobacter pylori infection are major causative agents for gastric mucosal damage and ulceration (Rang et al., 2003; Nartey et al., 2012) . NSAIDs including indomethacin are effective in the treatment of a variety of acute and chronic pain conditions. Their use has been associated with gastric mucosal damage as a side effect (Fukushima et al., 2014) . Indomethacin is a synthetic NSAIDs that is known to induce severe gastric mucosal lesions (Abbas and Sakr, 2013) . It is a potent inhibitor of prostaglandins' synthesis, which are important mediators of the inflammatory response (Robbin et al., 2009) .
In rats, indomethacin, has been shown to cause significant gastrointestinal damage (Takeuchi et al., 2002) and oxidative stress (Okayama et al., 2009) .
Oxidative stress, which is a state of unbalanced levels of reactive oxygen species (ROS), causes a variety of conditions that stimulate either additional ROS production or a decline in antioxidant defenses. Reactive oxygen species (ROS) and free radicals play an important role in the pathogenesis of several human diseases, including GUD (Gulcin, 2012; Mei et al., 2013) . Indomethacin, a well-known NSAID, induces erosions and lesions in gastroduodenal tract through multifaceted processes, such as inhibition of cyclooxygenase (COX)-mediated prostaglandin synthesis, over expression of interleukin-1 (IL-1), polymorphonuclear leukocyte infiltration of generation of ROS and induction of apoptosis (Ansari and Lal, 2009 ). Several phenotypes of gastrointestinal diseases, such as peptic ulcer disease and gastroparesis, are known to be related to antioxidant property dysfunction (Suzuki et al., 2012) . Stress has become an integral part of human life and organisms are constantly subjected to stressful stimuli that affect numerous physiological processes. It has been demonstrated that restraint and cold (4°C), as well as indomethacin (KleimanWexler et al., 1989) , can induce ulceration.
Many synthetic compounds such as ranitidine and omeprazole, which block acid secretion, are now used as antiulcer drugs. Since synthetic drugs are often encountered with some adverse effects, treatment with natural products is now considered as an alternative approach to control the disease. Natural products have long been recognized as a rich source of potent therapeutics, but further development is often limited by high structural complexity and high molecular weight (Ononye et al., 2013) . Sea cucumbers are marine invertebrates of the phylum of Echinodermata, sometimes referred to as marine ginseng, produce numerous compounds with diverse functions and are potential sources of active ingredients for agricultural, nutraceutical and pharmaceutical products (Bahrami et al., 2014) . They are also remarkably rich in vitamins, trace elements, and polysaccharides (chondroitin sulfate), which reduce arthritis pain and inhibit viral activities, and saponin glycosides that inhibit cancer activities (Hamel and Mercier, 2004) . Holothuria arenicola is the most important and abundant sea cucumber species in the Mediterranean Sea on the Egyptian coast (Kilada et al., 2000) . In addition to their flavor, sea cucumbers are commonly used to treat wounds, eczema, arthritis, hypertension, and impotence (Sugawara et al., 2006; Ridzwan, 2007; Subramaniam et al., 2013) . Gastric ulcer is essentially a deep wound in the stomach wall that involves epithelium, endothelium, connective tissue, and smooth muscle. Therefore, healing of a gastric ulcer means a restoration of those tissues that have been damaged during ulceration. So, the present study aims to assess the prophylactic and the curative effect of the sea Cucumbers H. arenicola extract (HaE) in comparison with ranitidine in a model of indomethacin and cold stress-induced gastric ulcer in male albino rats and to investigate its underlying anti-oxidative mechanisms. The present study also conducts to assess the employment of (HaE) as alternative or complementary to the established antiulcer drug ranitidine.
Materials and methods

Chemicals and reagents
Indomethacin was obtained from Sigma Chemical Co. (St. Louis, MO, USA). 2,2-diphenyl-1-picrylhydrazyl (DPPH). Ranitidine (50 mg/kg) was obtained from Hamdoun Pharmacy (Mohamed Roshdi St, Agoza, Egypt). Kits for all biochemical parameters and other chemicals and reagents were purchased from the Biodiagnostic Company (El Moror St, Dokki, Egypt).
H. arenicola sample collection
Samples were collected from the Abu-Qir Bay in the Egyptian Mediterranean coast of the eastern Alexandrian coast (MayJune 2012). Samples were gently cleaned and washed to remove sediment and other small organisms attached to their bodies.
Samples were maintained in stock tank filled with filtered seawater at ambient temperature. The samples were packed immediately with ice prior to sending to the lab and kept at -80°C until extracted.
Preparation of the H. arenicola extract (HaE)
The phosphate buffer extract was prepared according to the method of Yasumoto et al. (1967) .
After being sliced open and its internal organs removed, the body wall of the sea cucumber H. arenicola was blended in phosphate buffer (in a volume = 4 · tissue weight) and extracted at room-temperature (25°C) with pH 7.2 for 5 h. The filtered was collected immediately, concentrated and lyophilized using LABCONCO lyophilizer, shell freeze system, USA.
Free radical scavenging activity
The free radical scavenging activities of the extract and ascorbic acid were analyzed by the DPPH assay (SanchezMoreno et al., 1998) . A 1.0 ml of the test extract, at gradient final concentrations of 10-80 mg/ml, was mixed with 2 ml of 0.3 mM DPPH solution in MeOH in a cuvette. The absorbance was taken at 517 nm after 20 min of incubation in the dark at room temperature. The experiment was done in triplicates. The percentage antioxidant activity was calculated as follows: %Antioxidant Activity [AA] = 100 À [{(Abs sample À Abs blank ) · 100}/Abs control ]. Where Abs sample was the absorbance of sample solution (2.0 ml) + DPPH solution (1.0 ml, 0.3 mM), Abs blank was the absorbance of Methanol (1.0 ml) + sample solution (2.0 ml), Abs control was the absorbance of DPPH solution (1.0 ml, 0.3 mM) + methanol (2.0 ml).
Ethical consideration
Experimental protocols and procedures used in this study were approved by the Cairo University, Faculty of Science Institutional Animal Care and Use Committee (IACUC) (Egypt), (CUFS/F/01/13). All the experimental procedures were carried out in accordance with international guidelines for the care and use of laboratory animals.
Experimental animals
Male albino Wister rats (Rattus norvegicus) weighing 120-130 g were purchased from the animal house of National Research Center, Cairo, Egypt. The animals were housed in polypropylene cages (five animals per cage) for 72 h before commencement of the experiments for acclimatization, at controlled condition of temperature 18°C with a 12-h light: 12-h dark cycle. Rats were fed standard diet and tap water ad libitum.
Toxicity study (OECD 420)
Wistar rats weighing 150-160 g were used for acute toxicity study. The animals (12 rats) were divided into control and test groups containing six animals each. The rats were administered orally with sea cucumbers H. arenicola extract (HaE) at dose levels of 5 g/kg (high dose) and 2 g/kg (low dose). Normal control rats received the same amount of vehicle (distilled water) only. Animals were observed carefully for 24 h after extract administration and then for the next 14 days. At the end of this experimental period, the rats were observed for signs of toxicity, morphological behavior, and mortality. Acute toxicity was evaluated based on the number of deaths (if any). Acute toxicity was calculated as OECD guidelines 420 (Fixed dose method) (Vanden Heuvel et al., 1990; Whitehead and Curnow, 1992) .
Induction of severe gastric ulcers
The ulcer was induced by a combination of indomethacin and cold stress (severe gastric ulcer, SGU) model (Arai et al., 1987) . Indomethacin was administered as a single oral dose (150 mg/kg) (Thong-Ngam et al., 2012 ) and the cold stress was 4 ± 1°C for 30 min (Retana-Ma´rquez et al., 2003) .
Experimental protocol
Before the experiment, rats were deprived of food, but not water, for 20-24 h. In this experiment the animals (64 rats) were divided into four main groups. Rats of the first group (8 rats/group) were administered distilled water orally (control group). The rats of the second group (8 rats/group) were exposed to severe gastric ulcer (SGU) model (ulcer group). Rats of the third group (24 rats/group) were used to study the prophylactic effect of HaE and/or ranitidine (RAN) and rats of the fourth group (24 rats/group) were used to study the curative effect of HaE and/or ranitidine (RAN).
Prophylactic effect of H. arenicola extract (HaE)
Rats of the prophylactic group were assigned randomly into three subgroups (8 rats/subgroup). Rats of the first subgroup were treated orally with HaE (200 mg/kg b.wt. ED50), rats of the second subgroup treated with ranitidine (50 mg/kg b.wt.) and rats of the third subgroup treated with HaE (200 mg/kg) and ranitidine (50 mg/kg). All groups were treated for 1 h and then exposed to severe gastric ulcer (SGU) model.
Curative effect of H. arenicola extract (HaE)
In the curative treatments, rats were exposed firstly to severe gastric ulcer (SGU) model and then divided randomly into three main subgroups. Rats of the first subgroup were treated orally with HaE (200 mg/kg b.wt.), rats of the second subgroup treated with ranitidine (50 mg/kg b.wt.) and rats of the third subgroup treated with HaE (200 mg/kg) & ranitidine (50 mg/kg).
Animal handling
At the end of the experimental period, animals were euthanized after being fasted overnight under deep anesthesia with sodium pentobarbital. Stomachs were removed and immediately blotted using filter paper to remove traces of blood. Immediately after the animals were sacrificed their stomachs were dissected out, incised along the greater curvature and the gastric juice was collected. Mucosa was rinsed with cold normal saline to remove blood contaminant if any. The hemorrhagic and ulcerative lesions were counted and measured under a light microscope by two colleagues who were blinded to the treatment. The stomach of rats was stored at À80°C for biochemical analysis.
Macroscopic evaluation of stomach
The stomach's ulcerative lesions were examined by a 10· magnifier lens to assess the formation of ulcers. The numbers of ulcers were counted. Scoring of ulcer will be made as follows:
Mean ulcer score for each animal will be expressed as ulcer index. The percentage of ulcer protection was determined as follows:
The percentage of inhibition (%) was calculated by the following formula:
Analysis of gastric juice
Gastric juice collected from each animal was centrifuged at 3000 rpm for 10 min to remove any solid debris and the volume of the supernatant was measured.
Determination of gastric acidity
Gastric juice samples were back titrated against 0.01 mol/L NaOH using phenolphthalein indicator (1% in absolute ethanol) to the faint pink colored end point. The total acidity was expressed as milliequivalents using the following equation:
Total acidityðmEq=LÞ ¼ mLsNaOH=liter juice Â 50:
Tissue homogenate preparation
Stomach tissue was homogenized (10% w/v) in ice cold 0.1 M phosphate buffer (pH 7.4). The homogenate was centrifuged at 3000 rpm for 15 min at 4°C and the supernatant was used for the estimation of oxidative stress parameters.
Assessment of oxidative stress markers
Oxidative stress markers were detected in the resultant supernatant of stomach homogenate. The appropriate kits (Biodiagnostic kits, Biodiagnostic Dokki, Giza, Egypt) was used for the determination of malondialdehyde (MDA) (Ohkawa et al., 1979) , glutathione reduced (GSH) (Aykac et al., 1985) , catalase (CAT) was detected according to method described by Aebi (1984) , glutathione-S-Transferase (GST) (Habig et al., 1974) and superoxide dismutase (SOD) (Nishikimi et al., 1972) .
Statistical analysis
All results were expressed as mean ± standard error (SE) of eight animals in each group. All data obtained were analyzed by ANOVA followed by Duncan test at 95% confidence level. Values of P < 0.05 were considered as statistically significant. All computations were performed using SPSS version 20.0 software.
Results
Free radical scavenging activity
The results of DPPH scavenging activity of HaE and ascorbic acid are shown in Table 1 . The radical scavenging activities were estimated by comparing the percentage of inhibition of DPPH radical by the tested extract and the ascorbic acid. The data were displayed with mean ± SEM of three replications. The present results showed that HaE produced dose dependent inhibition of DPPH radical ranging from 82.3% to 95.2% as compared to ascorbic acid.
Acute toxicity
From the experiment performed as per the OECD Guidelines 420, the results reveal that the H. arenicola extract (HaE), has been found toxic at 5000 mg/kg body weight of experimental animals as in the first 4 h of observation 2/3 morbidity was observed. None of the 6 rats died or showed any sign of toxicity at the limit dose of 2000 mg/kg orally for HaE in the first 48 h. No evidence of toxicity was noted during the period of observation. The LD 50 was therefore taken as above 2000 mg/kg orally. The median effective dose (ED 50 ) was selected based on the proposed LD 50 obtained from the acute toxicity study. This dose was considered one tenth of the proposed LD 50 , that is, 200 mg/kg body weight.
Antiulcer effects of H. arenicola extract (HaE) on gastric lesions
Administration of indomethacin at 150 mg/kg and cold-restraint stress (SGU) caused severe hemorrhagic lesions covering the entire glandular area of the stomach (Table 2) . However, oral pre-treatment with HaE and/or RAN significantly reduced the ulcer index, showing 72.50%, 53.11% and 80.56% ulceration inhibition, respectively. In addition, oral post-treatment with HaE and/or RAN reduced significantly the ulcer index, recorded 51.66%, 62.41% and 67.78% ulceration inhibition respectively ( Table 2) .
Effect of H. arenicola extract (HaE) on gastric acid output and gastric acidity
As shown in Table 2 , administration of indomethacin at 150 mg/kg and cold stress (SGU) caused a significant increase in the gastric acid output into the gastric lumen (2.80 ± 0.10) as compared to the normal control group (1.70 ± 0.08). However, treatment with HaE and/or RAN either pre or post-treatment significantly decreased the gastric acid output. In addition, the level of gastric juice acidity was significantly decreased from 8.61 ± 0.64 mEq/L in the model group to 3.16 ± 0.11 mEq/L, 5.73 ± 0.12 mEq/L and 2.15 ± 0.19 mEq/L after pre-treatment administration of the HaE and/or RAN respectively (Table 2) . Whereas, posttreatment administration of HaE and/or RAN induced a significant decrease in the gastric juice acidity, recording 3.26 ± 0.13, 5.94 ± 0.10 and 2.97 ± 0.09 respectively ( Table 2) .
Effect of H. arenicola extract (HaE) on gastric reduced glutathione (GSH)
Gastric GSH level of rats administered indomethacin at 150 mg/kg and cold stress (SGU) was decreased significantly (P < 0.05) as compared to the control rats (Fig. 1) . Pre or post-treatment with HaE and/or RAN significantly increased Values are given as mean ± SE. DPPH: 1,1-Diphenyl-2-picrylhydrazyl.
(P < 0.05) the gastric GSH level, as compared to the SGU group (Fig. 1) .
Effect of H. arenicola extract (HaE) on gastric malondialdehyde (MDA) Fig. 2 shows that, the level of gastric malondialdehyde (MDA) increased significantly (P < 0.05) subsequent to indomethacin at 150 mg/kg and cold stress (SGU) (1.16 ± 0.09) as compared to the control group (0.66 ± 0.05). Administration of HaE and/or RAN either pre or post-treatment decreased (P < 0.05) the levels of MDA (Fig. 2) .
Effect of H. arenicola extract (HaE) on different gastric antioxidant enzymes
Results recorded in Figs. 3-5 show that administration of indomethacin at 150 mg/kg and cold stress (SGU) significantly (P < 0.05) decreased the activities of gastric glutathione-Stransferase (GST), catalase (CAT) and superoxide dismutase (SOD) as compared to the control group. Pre-treatment with HaE and/or RAN increased significantly (P < 0.05) GST activity as compared to the GSU group (Fig. 3) while, administration of HaE either alone or with RAN caused a significant increase (P < 0.05) in the activities of both CAT and SOD enzymes as compared to the SGU group (Figs. 4 and 5 ). In the post-treated groups, administration of HaE either alone or with RAN increased significantly (P < 0.05) the activities of GST enzyme. Regarding CAT activity, only administration of HaE + RAN increased its activity as compared to the SGU group (Fig. 4) . However, post-treatment with HaE and/or RAN caused a significant increase (P < 0.05) in the SOD activity as compared to the SGU group (Fig. 5) .
Discussion
Peptic ulcer disease is a gastrointestinal disorder defined by mucosal damage associated with peptic ulcer and gastritis Pre-treatment Post-treatment ( Ozbayer et al., 2013) . Traditional medicines have been used to prevent or treat gastric ulcers for a long time. Accordingly, many natural products have been examined for their anti-ulcerogenic effects (Ozbayer et al., 2013; Choudhary et al., 2014) . But, there is no report about the anti-ulcerogenic activity of Holothuria sp. until now. So, the present study designed to assess the anti-ulcerogenic efficacy of H. arenicola extract (HaE) against severe gastric ulcer induced by indomethacin and cold stress in rats. Several agents have been tried in experimental animal studies to prevent gastric ulcer injuries caused by NSAIDs (Mei et al., 2013; Ozbayer et al., 2013; Choudhary et al., 2014) . These agents can be categorized into two groups based on their mode of action: prostaglandin analogs (Sontag et al., 1994) and antioxidants (Mei et al., 2013; Ozbayer et al., 2013) . Indomethacin is known to cause ulcer especially in an empty stomach (Suleyman et al., 2010) and mostly on the mucosal part of the stomach (Nwafor et al., 1996) by inhibition of gastric prostaglandins both through the cyclooxygenases COX-1 and COX-2 enzyme pathway (Brzozowski et al., 2001 ) and increased free radical formation (Shoman et al., 2009) . Moreover, the hypothermic and restraint stress-induced ulcers are believed to result from an increase in the formation of free radicals (Morsy et al., 2009) . In this study, administration of indomethacin coupled with hypothermic and restraint stress causes accumulation of gastric acid in the stomach and visible and clear gastric ulcer. Prostaglandins function to protect the stomach from injury by stimulating the secretion of mucus and bicarbonate. Gastric acid hypersecretion is one of the major pathogenic factors for the induction of gastric ulcer disease (Tuorkey and Karolin, 2009) . In agreement with the report of Nagar et al. (2012) , gastric ulcer lesion recorded following indomethacine administration in the present study may be due to suppression of prostaglandin synthesis, which increased gastric acidity and subsequently stomach susceptibility to mucosal injury. Most therapeutic agents are used to inhibit the gastric acid secretion or to boost the mucosal defense mechanisms by increasing mucosal production, stabilizing the surface epithelial cells . In the present study, HaE administration significantly decreased the gastric acidity and gastric ulcer index either alone or in combination with ranitidine during pre or post treatment which may be due to reductions in gastric acid and gastric cytoprotection. It was reported that sea cucumber could facilitate wound healing besides reducing gastric ulcer, and inflammation (Ridzwan, 2010) . Since sea cucumber feeds on bottom sediment, it should contain high levels of branched chain fatty acids, believed to be the substances that facilitate in wound repair (Subramaniam et al., 2013) . HaE may stimulate gastric mucosal cellular growth and repair by the same mechanism of wound healing. Gastric ulcers form as a result of a multifaceted process which includes acid secretion, reactive oxygen species (ROS) generation and extracellular matrix (ECM) degradation (Mei et al., 2013) . ROS can damage cellular lipids, proteins, and DNA leading to oxidative stress (Droge, 2002) . Oxidative stress plays an important role in gastric mucosal damage (Bhattacharyya et al., 2014) . In particular, generation of oxygen free radicals and lipid peroxidation play a key role in the development of the gastric mucosal lesions induced by indomethacin (Vemula et al., 2012; Abbas and Sakr, 2013) . The present study confirmed the finding of Ajeigbe et al. (2012) and Abbas and Sakr (2013) , who recorded elevations in the levels of the end products of lipid peroxidation, malondialdehyde (MDA) in the gastric tissues following indomethacin treatment. It was reported that, the oxidative stress in gastric tissue causes damage to key biomolecules such as lipids. This was apparent from the stimulated lipid oxidation leading to increased accumulation of MDA. Levels of MDA are thought to reflect free radical mediated cell membrane damage. As shown in the present results, HaE pre or post-treatment and/or ranitidine significantly reverted the indomethacininduced changes in MDA, suggesting that the mechanism of both ranitidine and HaE anti-ulcerogenic effects may be due to its antioxidant effect (Ardestani et al., 2004) .
Glutathione reduced (GSH) protect cells against free radicals, peroxides and other toxic compounds (Hiraishi et al., 1994) . Depletion of gastric mucosal GSH may result in the accumulation of free radicals that can initiate membrane damage by lipid peroxidation. In consonance with our study Abbas and Sakr (2013) and Mei et al. (2013) , have reported depletion in GSH level in the gastric tissues of indomethacin treated rats. Gastric damage depleted the GSH levels acting as the first line of cellular defense against oxidative injury. This might lead to aggravated tissue damage during stomach ulceration (El-Missiry et al., 2001) . Treatment with ranitidine and HaE either pre or post-treatment in the present study restored GSH content. HaE provided a marked suppression of oxidative damage through excellent radical scavenging activity to DPPH radical. Moreover, many dietary polyphenols are antioxidants, and the possibility exists that they protect against oxidative damage by directly neutralizing reactive oxidants (Moskaug et al., 2005) . The body wall of the sea cucumbers contains high amounts of phenolic compounds (Althunibat et al., 2009 ). HaE phenolic contents may exert the scavenging activities by donating a hydrogen atom from their phenolic hydroxyl groups (Mustafa et al., 2010) . So, HaE may be an effective source of direct precursors for salvage GSH biosynthesis.
The endogenous anti-oxidant enzymes CAT, SOD, and GST in the gastric mucus are the key component of cellular defense system against reactive oxygen species (Nartey et al., 2012) . However, SOD destroys the highly reactive radical superoxide (O 2À ) by converting it into the less reactive peroxide (H 2 O 2 ), which can be destroyed by a CAT reaction. CAT is a highly reactive enzyme that reacts with H 2 O 2 to form water and molecular oxygen. Viewed in conjunction with the report of Kaplan et al. (2012) , Abbas and Sakr (2013) and Badr and Al-Mulhim (2014) the inhibition of CAT, SOD and GST activities following indomethacin treatment in the present study may be due to the enhancement of the MDA, which is known to inhibit protein synthesis and the activities of certain enzymes. These observations confirm the findings of several studies, which reported alterations in anti-oxidant enzyme activities in indomethacin exposed animals (Abbas and Sakr, 2013; Mei et al., 2013; Badr and Al-Mulhim, 2014) . Administration of HaE pre or post-treatment and/or ranitidine enhanced the activities of CAT, SOD and GST in indomethacin-induced peptic ulcer. The enhancement in the activities of the studied enzymes may be to prevent the accumulation of excessive free radicals and protect stomach from ulcer formation, suggesting that the anti-ulcerogenic effect of HaE against oxidative stressinduced injury might be involved in decreasing lipid peroxide generation and stimulating antioxidant enzyme.
In conclusion, the present study confirms that HaE decreased lipid peroxidation, improved antioxidant status and activation of free radical scavenging enzymes, thereby could be a good new treatment for gastric ulcer. The study also demonstrated that the combination of HaE and ranitidine compared to an individual use of HaE or ranitidine has more potent therapeutic effect. Therefore we suggest that HaE may be used as a complementary drug with the recommended antiulcer drugs for gastric ulcer healing in humans.
